African relevance {#s0005}
=================

•The study provides data regarding patterns of trauma in a typical African setting.•There is a high burden of intentional injuries at district hospitals in this setting.•The study suggests opportunities for trauma care system improvement.•The study suggests the need for improved prehospital trauma triage in this setting.

Introduction {#s0010}
============

According to the 2015 Global Burden of Disease study, approximately 4.7 million people die each year as a result of trauma, accounting for 8.5% of global deaths [@b0005]. Trauma accounts for 1.7 times the cumulative mortality from malaria, tuberculosis, and HIV/AIDS [@b0010]. In addition, an estimated 973 million people suffer from injuries that warrant urgent or emergent medical attention every year [@b0005]. Significant contributors to the high rate of morbidity and mortality, particularly in low- and middle-income countries (LMICs), are interpersonal violence and road traffic injuries [@b0005], [@b0010]. LMICs account for approximately 90% of all global cases of trauma-related mortality [@b0015]. South Africa, a middle-income country, has a "quadruple burden of disease" consisting of maternal and child health; non-communicable diseases; HIV/AIDS; and violence, injuries, and trauma [@b0020]. In South Africa, major contributors to the burden of trauma include road traffic injuries and interpersonal violence [@b0025], [@b0030]. Further, the South African trauma-related mortality rate is six times the global rate and the road traffic injury rate is double the global average [@b0030].

The aetiology of trauma can be sub-classified on the basis of intentionality, as is done in the Global Burden of Disease Study [@b0005], [@b0035], [@b0040]. Intentional injuries include interpersonal violence, self-inflicted injury, and collective violence [@b0005], [@b0040]. Unintentional injuries include motor vehicle collisions, falls, burn injuries, and drowning [@b0005], [@b0040]. Numerous studies on trauma in sub-Saharan Africa, and specifically South Africa, utilize this convention to organize and describe epidemiological data [@b0045], [@b0050], [@b0055]. South Africa is one of the only countries in the world that has a higher rate of intentional than unintentional injury [@b0030].

Government hospitals in South Africa are classified as district (level 1), regional (level 2), and tertiary hospitals (level 3) [@b0060]. While some larger district hospitals in urban areas have emergency medicine specialists, rural district hospitals are run by Family Physicians, and offer a 24-hour emergency centre (EC), general outpatient clinics, non-specialized inpatient wards, and basic diagnostic and therapeutic services [@b0060]. Rural district hospitals lack trauma surgical services and other medical specialty services [@b0060]. This is consistent with district hospitals in other countries across sub-Saharan Africa [@b0065], [@b0070]. District hospital ECs are frontline facilities -- they serve as the entry point into the healthcare system for a significant portion of the South African population, especially since regional and tertiary hospitals are often located far away [@b0075].

A portion of patients that present to district hospitals in South Africa are referred to secondary or tertiary hospitals in order to receive necessary specialist care, surgery, intensive care, or special tests not available at the referring facility [@b0080]. The Western Cape Government Emergency Medical Services (EMS) system is staffed by basic through advanced Life Support practitioners [@b0080]. The direct trauma transfer policy issued by the Western Cape Government provides specific criteria for inter-facility patient transfers from district hospitals to higher levels of care, including criteria in which EMS practitioners may bypass district hospitals and go directly to a trauma centre [@b0085]. The trauma referral criterion in place also specifies situations in which "stop and intervene" measures must be performed at the nearest hospital prior to inter-facility transfer [@b0085].

Across much of sub-Saharan Africa, patients with emergency medical and traumatic conditions are often limited in their ability to directly access higher level hospitals, partly due to patient transportation barriers, limited prehospital emergency medical services, and ineffective referral practices [@b0090], [@b0095], [@b0100]. Patient transportation barriers are a problem due to limited access to rapid transport, potentially high transportation costs, and large distances to the nearest healthcare facility [@b0105]. Referral practices in some areas are challenged by inefficient referral practices, fragmented systems for referrals, and limited communication infrastructure [@b0110]. A combination of patient and health system factors contribute to an undue burden of trauma at district level hospitals across sub-Saharan Africa [@b0115].

Elucidating the epidemiology of acute conditions, including trauma, was deemed a research priority by the World Health Organization (WHO) and the African Federation for Emergency Medicine [@b0120]. While several studies have researched the epidemiology of trauma presenting to EC at South African tertiary hospitals, limited data are available regarding trauma care at frontline district level hospitals [@b0045], [@b0050], [@b0125], [@b0130], [@b0135]. The paucity of data in South Africa and sub-Saharan Africa hampers advocacy, strategic development, and resource allocation for delivery of effective trauma care at the district level. The overarching aim of this study is to describe the burden of trauma at a South African district hospital.

Methods {#s0015}
=======

This study was a subset of a larger prospective observational study exploring the South African Emergency First Aid Responder (EFAR) program, a volunteer, layperson prehospital emergency care system [@b0140], [@b0145], [@b0150]. The objective of the overarching study was to assess whether the novel EFAR program was an effective component of the local emergency care system and contributed to improved outcomes in Atlantis, Western Cape Province, South Africa [@b0155]. Data for the larger study were prospectively collected over the course of approximately six consecutive months from EFAR patient care forms, METRO EMS patient care report forms, and local hospital EC charts. The data collected from the Wesfleur Hospital EC in Atlantis, South Africa were used in this smaller observational study.

This 31-bed district level hospital located in the Western Cape Province serves a low-income, peri-urban population of approximately 250 000 [@b0160]. Wesfleur Hospital is approximately 50 km from the nearest tertiary care or trauma centre, Groote Schuur Hospital. The government ambulance system (Western Cape Government Health, Emergency Medical Services -- EMS) provides the local prehospital care and inter-hospital emergency transport. Wesfleur Hospital has a 24-hour EC staffed by nurses and a small complement of non-EM trained physicians. The EC has an estimated annual volume of 36 000 cases, of which at least 10% or 3 600 arrive by EMS. The EC uses nurse-driven triage (the South African Triage Scale \[SATS\]), and -- at the time of the study -- had 4 beds and several chair stretchers. SATS is a validated measure of clinical urgency, and emergency care resources required, based on physiologic parameters and clinical discriminators which prioritizes patients into one of four colours ranging from green (low acuity) to red (emergent) [@b0165]. During the study period in 2014, for the day shift (7am to 7pm) there were usually two non-specialist emergency doctors and a small complement of non-emergency trained nurses. During the night shift (7pm to 7am), there was often one physician and a smaller group of non-emergency trained nurses. Trauma care capabilities in the EC include endotracheal intubation and ventilation, central line access, blood transfusion, and basic fracture management. During the study period, the hospital had inpatient services but lacked trauma surgical services.

The larger EFAR study was conducted between August 1, 2014 and February 10, 2015. This smaller observational study used data collected at Wesfleur Hospital between August 1 and August 31, 2014. EC nurses recorded data on every patient that presented to the Wesfleur Hospital EC in a handwritten registry. The EC registry included data on patients' medical record number, date and time of arrival, age, sex, chief complaint, SATS acuity, and disposition. EC triage nurses collected data 24 h per day, 7 days per week. Due to pre-existing ethics and institutional approvals, only logbook data for the month of August, 2014 were made available for use in our study. As part of the EFAR study, patients presenting by EMS were matched to the registry book using the daily EMS transport record in order to calculate the admission and transfer rate of EMS transported patients. Data, excluding personal identifiers were manually entered into a Microsoft Excel spreadsheet Version 14.0.7188 (Microsoft Corporation, Redmond, Washington, USA). Each patient encounter was assigned a unique study number.

Patients of all ages in our Wesfleur Hospital database with trauma (penetrating, blunt, burns, and drowning) were selected for further analysis. Other non-forceful injury mechanisms (e.g. poisoning, envenomation, and drug overdoses) were excluded. Patients that left the EC without completing triage were excluded from the study.

To discover patients with trauma within the entire Wesfleur Hospital EC population of patients, a previously described classification system was used to organize chief complaints into primary categories of "medical", "injury", "OBGYN", "psychiatric", and "miscellaneous" [@b0170]. Each chief complaint was then further normalized into a standardized (secondary) list of chief complaints. Data were descriptively analysed and odds ratios for patients requiring admission or transfer were calculated. Ethical approval for this study was obtained in South Africa (University of Cape Town HREC ref: 636/2014) and from the USA (Colorado Multiple Institutional Review Board protocol \#14-0051).

Of the 3 299 total cases, 1 589 (48.2%) were male, and the mean age 33.1 years (range: 0--89.3). The most frequent SATS colour for all patients was yellow (1 417 cases, 43.0%), and the most frequent SATS colour for trauma patients was also yellow (368 cases, 65.1%) ([Table 1](#t0005){ref-type="table"}). 2 389 (72.4%) patients were discharged, 249 (7.5%) patients were admitted/transferred to higher level of care or died, and 278 (8.4%) patients had missing disposition data ([Table 1](#t0005){ref-type="table"}).Table 1Frequency table of study population.Population Characteristics% of all patients (N = 3299)% of Trauma Patients (N = 565)SexMale48.261.6Female51.037.3Missing Data0.81.1  Age\<1823.522.518--3431.546.735--5932.024.4\>6011.14.6Missing Data1.91.8  SATS ScoreGreen16.513.3Yellow43.065.1Orange20.311.3Red0.51.1Blue0.30.0Missing Data19.49.2  DispositionDischarged72.480.9Admitted5.12.7Transferred1.93.5Abscond11.66.0Death0.50.0Missing Data8.56.9

Of the 565 (17.1% of total cases) trauma cases, 348 (61.6%) were male. Trauma patients had a mean age of 28.5 years (range: 0.4--87.8), with 256 (46.7%) between 18--34 years of age ([Table 2](#t0010){ref-type="table"}). 63% of assaults, 72% of gunshot wounds, 66% of stab wounds, and 65% of motor vehicle collisions were patients between 18--34 years old. Trauma accounted for 19.1% of total EC cases after omitting the 347 cases with missing chief complaints.Table 2Frequency of sex, age, South African Triage Scale scores and outcomes in intentional and unintentional trauma cases.IntentionalUnintentionalChi Square TestCasesPercentageCasesPercentageSexMale15461.419461.84.5977 (p = 0.03)Female9337.111837.62.962 (p = 0.09)Missing41.620.60.667 (p = 0.41)  Age\<182610.410132.244.291 (p \< 0.001)18--3415260.610433.19.000 (p \< 0.01)35--596726.78025.51.150 (p = 0.28)\>6020.8237.317.640 (p \< 0.001)Missing41.661.90.400 (p = 0.53)  South African Triage Scale ScoreRed52.010.32.667 (p = 0.10)Orange2710.83711.81.563 (p = 0.21)Yellow15662.221267.58.522 (p \< 0.01)Green4317.13210.21.613 (p = 0.20)Missing208.03210.22.769 (p = 0.10)  DispositionAdmitted135.220.68.067 (p \< 0.01)Transferred124.882.50.800 (p = 0.37)Discharged19477.326383.810.418 (p = 0.001)Abscond197.6154.80.471 (p = 0.49)Missing135.2268.34.333 (p = 0.04)  Total25144.431455.67.025 (p = 0.01)

Trauma cases were divided into two groups based on intentionality ([Fig. 1](#f0005){ref-type="fig"}). Intentional injuries (i.e. blunt assault, stab wounds, and gunshot wounds) accounted for 251 (44.4%), while unintentional injuries (e.g. road traffic injuries) accounted for 314 (55.6%) of the trauma cases ([Fig. 1](#f0005){ref-type="fig"}). Subgroup analysis by individual mechanisms of injury is not presented here due to the relatively small sample sizes of gunshot wounds and stab wounds in our study population. A temporal breakdown of injury visits (by time of day, and day of week) is demonstrated in [Fig. 2](#f0010){ref-type="fig"}, in which 298 (52.7%) patients presented on the weekend. In addition, 144 (60%) of intentionally injured patients arrived overnight (7pm-7am) while 191 (63%) of unintentionally injured patients arrived during the day (7am-7pm).Fig. 1Flowchart of study data analysis. Intentional and unintentional injury cases were selected for further analysis from the total trauma population of 565.Fig. 2Trauma cases by time of day and day of week.

Patients with intentional injuries were triaged as SATS green or yellow in 199 (38.8% of total) cases, and high acuity (SATS score of orange or red) in 32 (6.2%) cases. Patients with unintentional injuries were triaged as green or yellow in 244 (47.6%) cases, and high acuity in 38 (7.4%) cases ([Table 2](#t0010){ref-type="table"}).

After omitting cases with missing dispositions, patients were transferred to higher levels of care or admitted in 7.1% of trauma cases. Overall, patients with intentional injuries were 3.2 times more likely to be transferred to higher levels of care or admitted than those with unintentional injuries (OR 3.2; 95% CI 1.5--7.0). Higher acuity trauma patients were 9.05 times more likely (OR 9.05; 95% CI 4.2--19.5) to be admitted or transferred than those with lower acuity ([Table 2](#t0010){ref-type="table"}). Patients that arrived via EMS were 2.68 times more likely to be admitted or transferred than patients that presented directly to the EC (OR 2.68; 95% CI 1.04--6.920).

Discussion {#s0040}
==========

Between 1990 and 2013, injury disability adjusted life years (DALY) globally declined by 30.9%. However, Africa is one of the few exceptions to this significant reduction; southern Africa experienced up to a 10% increase in DALY, for both intentional and unintentional injuries [@b0005]. While the global DALY rate for interpersonal violence decreased by 19.1%, there was up to a 50% rise in southern Africa [@b0005]. When rapid urbanization and growth in motorization outpace infrastructural development and levels of law enforcement, the trauma burden grows [@b0030], [@b0175]. District hospitals, like Wesfleur, serve as the entry point to the healthcare system and play an increasingly critical role in the care of trauma.

This South African district hospital EC, with a small complement of non-EM trained physicians and no trauma surgical services, cared for a relatively high absolute number of trauma (565 total) cases in one month. By comparison, several tertiary centres serving much larger urban areas in Malawi, Botswana, Kenya, Rwanda, and Zambia are reported to care for smaller monthly number of trauma cases [@b0045], [@b0180], [@b0185], [@b0190], [@b0195], [@b0200]. Wesfleur Hospital was the only major health facility serving a population of about one-quarter million people, which may explain the relatively high absolute monthly case load of trauma. If the proportion of trauma cases is considered, Wesfleur Hospital's proportion of trauma (19.1%) was relatively consistent with prior studies conducted at other sub-Saharan Africa district hospitals [@b0115], [@b0215], [@b0220], [@b0225], [@b0230]. The high trauma caseload at Wesfleur Hospital, similar to other African settings, reinforces the need to strengthen capacity of the local trauma care system, especially given the severity of injuries at Wesfleur. Potential solutions may include task-shifting to improve trauma provider staffing, improved EC capacity and services, and general strengthening of the regional trauma care system [@b0205], [@b0210].

Our data found that a higher proportion of young males presented with trauma than any other demographic, particularly from interpersonal violence (62% male, 48% of trauma occurred in those aged 18 -- 34, 44.4% of trauma cases were intentional injuries). These findings are consistent with prior studies in the region [@b0010], [@b0235], [@b0240]. A study at Groote Schuur Hospital, a tertiary centre 50-km away in Cape Town, found that males were 2.2 times more likely to present with violent trauma than females [@b0045]. A study in Lusaka, Zambia found that trauma patients had a median age of 24 and 71.8% were male [@b0200]. A study utilizing a hospital based surveillance system in the KwaZulu-Natal province of South Africa found that interpersonal violence accounted for 45% of total trauma cases, which was identical to the rate at Wesfleur Hospital [@b0240]. Ours and others' data demonstrate that economically productive members of African societies have a high rate of trauma, potentially resulting in lost income. Additional economic cost also comes in the form of healthcare expenses and wages lost due to post-injury long-term morbidity.

Over half of the trauma patients presented on the weekend. A majority of intentional injuries presented during the nights, while a majority of unintentional injuries presented during the day. Not only is this district-level hospital providing care for a high volume of trauma cases, but the most severely injured and high-risk trauma patients are presenting at times when personnel are most scarce. These findings are consistent with prior studies in the region [@b0045], [@b0050], [@b0230], [@b0245]. Increased attention to staffing and resource needs during times of high patient volume or acuity is essential to addressing the needs of any EC population. At times of low staffing, increased utilization of telemedicine communication with a trauma expert may help improve trauma care outcomes.

Our data found that patients with intentional injuries were about three times more likely to be admitted or transferred to higher levels of care than patients with unintentional injuries. The high rate of admissions and transfers amongst trauma patients at Wesfleur Hospital (7.1%) was found to be either consistent with, or slightly lower than, prior studies at other sub-Saharan African district hospitals [@b0220], [@b0225], [@b0250]. In addition, higher acuity trauma patients were about nine times more likely to be admitted or transferred. Patients that arrived at the Wesfleur EC via EMS were more than twice as likely to be admitted or transferred as patients that did not arrive by EMS. This finding is consistent with others, including a study from the Ashanti Region of Ghana [@b0090]. Although our study sample contained a small number of cases resulting in death, the high admission and transfer rate suggests a large amount of morbidity and health system resource utilization resulting from trauma.

The high rate of admission or transfer amongst EMS-transported patients may indicate a need to enforce the Western Cape Government's EMS direct trauma transfer criteria (which allows adult major trauma to safely bypass lower levels of care) [@b0085]. The transfer criteria also specifies situations in which "stop and intervene" measures (i.e. intubation, placement of chest tube, etc.) must be performed at the nearest hospital [@b0085]. According to the policy, for example, patients with severe head injuries, polytrauma, or those in shock from a penetrating chest injury may be transferred directly to a trauma facility with trauma surgical capabilities or relevant diagnostic equipment, like a CT scanner [@b0085]. A study in the Western Cape Province that analysed patient transfers from district to tertiary hospitals found that trauma accounted for 46% of referrals, of which head injuries accounted for 58% [@b0080]. Further data collection is necessary to determine if the criteria are being appropriately applied to head injury and patients in traumatic shock. Additionally, improved capacity to execute ambulance transfers for rapid inter-facility transfers could be useful, especially for severe trauma patients who self-present to Wesfleur Hospital.

The high rate of admission and transfer at Wesfleur Hospital suggests a possible lack of adherence to the direct trauma transfer criteria by Western Cape Province EMS providers. Studies at Level 2 and 3 Trauma Centres in high income countries have shown that tiered trauma systems provide earlier access to the appropriate level of care for moderate and minor trauma at local facilities [@b0255]. Studies have demonstrated that tiered trauma systems, equipped with suitable prehospital emergency care and effective triage, decrease mortality by taking severely injured patients directly to the most appropriate initial level of care [@b0260], [@b0265], [@b0270], [@b0275], [@b0280], [@b0285]. A study in the KwaZulu-Natal Province of South Africa analysing trauma referrals to a tertiary hospital found that the direct trauma transfer policy that allowed bypassing of lower levels of care was underutilized, in which 88% of accepted referrals were admitted as inter-hospital transfers [@b0290]. The results suggest the need to further educate regional EMS providers to correctly identify major trauma patients, especially if they do not require immediate intubation, ventilation, or urgent surgery, and refer these patients directly to a tertiary hospital [@b0290]. The large volume of high acuity and intentional trauma cases at Wesfleur Hospital that are admitted or transferred to higher levels of care similarly suggests the need to reinforce the trauma transfer criteria in the Western Cape Province. This expanded education of providers and reinforcement of established criteria has been previously achieved in other trauma systems in LMICs [@b0295], [@b0300]. Further research is needed to analyse adherence of EMS providers to the direct trauma transfer criteria.

The high volume of trauma cases, particularly among young males, is similar to other African data and concerning. Public health experts suggest rates of interpersonal violence in South Africa, and much of sub-Saharan Africa, may be reduced by increasing employment, reducing income inequality, limiting access to weapons, and reducing alcohol and drug abuse [@b0305]. A prior study at a Cape Town hospital found that approximately 47% of trauma patients were under the influence of alcohol, of which 87% had some form of interpersonal violence ensuing [@b0230]. The 2010 Global Burden of Disease study found that alcohol was the leading risk factor for trauma in South Africa. Development of educational programs targeting young males that advocate against alcohol abuse and challenge socio-cultural practices that promote violent behaviours may help reduce this burden of trauma [@b0045].

This study has several limitations. Patient data were manually entered into a handwritten logbook by triage nurses, resulting in 40 undecipherable cases (1.2% of total cases) due to illegible handwriting. In addition, data fields were occasionally left incomplete by triage nurses, resulting in missing data. We believe the effect of this missing data to be minimal, particularly since the results were consistent with the results of similar prior studies [@b0045], [@b0180], [@b0185], [@b0190], [@b0195], [@b0200], [@b0240]. Additionally, EC data were collected during the month of August 2014, possibly resulting in missed seasonal variations in trauma. Furthermore, it is difficult to extrapolate findings from one month of data from one health facility, suggesting the need for further larger trauma epidemiologic and outcomes research. Additionally, the handwritten registry of chief complaints did not specify the anatomic locations of gunshot wounds and stab wounds, which would likely have impacted the acuity and disposition of these trauma patients. Lastly, there were limited data recorded on the resources consumed during trauma care - these data could be used to better prepare similar district hospitals for trauma care.

Conclusion {#s0045}
==========

This observational study conducted at a single district hospital provides insightful data regarding patterns of trauma in a district hospital in a southern African setting. The high burden of intentional injuries at district hospitals, particularly amongst young males that frequently present during times when personnel are scarce, suggests specific opportunities for trauma care system improvement and public health prevention in this region. In addition, the high rate of admission and transfer for intentional injuries, and higher acuity trauma, suggest the need for improved prehospital trauma destination selection. Further data collection is still needed at district level hospital ECs across sub-Saharan Africa to strengthen the evidence for improved trauma care at these critical frontline facilities.

Appendix A. Supplementary data {#s0080}
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The following are the Supplementary data to this article:Supplementary data 1
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